During a study of the effects of amino acids on pyridoxine-starved Escherichia coli, we observed that glycine and methionine appeared to cause lysis of these cells (8) . Although growth inhibition and lysis of bacteria by glycine were first reported many years ago (11) and have been a subject of study by several more recent workers (10, 18, 21) , the potentiation of glycine lysis by pyridoxine starvation has not been reported before to the best of my knowledge. The studies reported here were pursued because the initial observations indicated that lysis occurred in pyridoxine-starved strains in 2 or 3 h when 0.01 M glycine was used, whereas earlier reports of glycine-induced lysis of Escherichia coli found that this concentration of glycine was ineffective even at long times (10, 21) . Maculla and Cowles used, for example, 16 h of incubation with 3 M glycine to get 77% lysis of E. coli (18) . This report describes the observations in detail and defines the conditions for maximal lysis. It also describes both potentiation of glycine-induced lysis by certain amino acids and inhibition of glycine-induced lysis by alanine. We do not presently plan to expand these interesting observations beyond those reported here.
MATERIALS AND METHODS Strains. The strains used represent each of the nutritionally and genetically distinct types of pyridoxineless mutants so far isolated in this lab from E. coli B. They have been described previously (2, 4, 6, 7, 8) .
Lysis experiments. Cultures (50 ml) of the orga-I Present address: Department of Molecular Biology, University of Edinburgh, Scotland. nisms were grown overnight at 37C with vigorous shaking in glucose minimal medium (3) containing 100 ,ug of pyridoxine per liter. In the morning 10 ml of each culture was centrifuged for 10 min at 5,000 x g at room temperature, washed in 0.9% NaCl, and suspended in 50 ml of fresh, identical medium. This was incubated as above until the cell density had doubled. The culture was then centrifuged and washed with 0.9% NaCl. The cells were resuspended in approximately 12 ml of fresh 0.9% NaCl. Cells were dispensed into 250-ml Erlenmeyer flasks containing 52.5 ml of glucose minimal medium with amino acids and other additions as indicated in the figures. The initial cell density was usually near 0.16 optical density units at 650 nm as measured in 18-mm culture tubes. Samples (5 ml) were withdrawn every hour for absorbancy measurements.
Miscellaneous. An optical density at 650 nm of 0.3 represents 0.15 mg of cell mass (dry weight). Figure 1 shows that wild-type E. coli B (strain WG1) is unaffected by glycine at this concentration. As indicated in the figure by half-filled circles, glycine-fed and glycine-starved cultures give, in this case, congruent data points. The continued small increases in cell mass during vitamin starvation have been adequately dis- The pyridoxineless strains in Figure 1 all behaved in a qualitatively similar way toward glycine. For that reason, a single strain, WG25, was chosen for use in the exploration of other aspects of glycine induced lysis. This strain was originally isolated after ultraviolet mutagenesis and is one of the most stable of the pyridoxineless mutants we have isolated. Figure 2 shows that the rate of lysis of strain WG25 varies with the initial concentration of glycine. Figure 3 shows the effect of DL-alanine, DL-serine, DL-glutamine, DL-threonine, DL-methionine, L-isoleucine, and glycolaldehyde, each at 0.5 mM final concentration, upon lysis of pyridoxine-starved strain WG26 by 5 mM glycine. The data show that alanine appears to antagonize the glycine effect, while the other compounds potentiate it. The figure also shows that strain WG25 appears to be immune to glycine-induced lysis if pyridoxol is present at 10-3 mM. The other compounds tested were chosen because of the existence of other data that show some, mostly unexplained, relationships between pyridoxine metabolism and the test compounds (5, 6, 7, 8) .
RESULTS
In separate experiments I found that the L-isomer of methionine appeared to be the more active isomer at potentiating glycine-lysis. After 2 h of starvation, for example, cultures containing 10 mM glycine had an average optical density of 0.33 if no methionine were present but 0.30 with 0.5 mM D-methionine and 0.25 with 0.5 mM L-methionine. These optical density differences were maintained during at least 5 h of starvation, while the total optical density decreased in the usual way. Similarly, no detectable difference in effectiveness between 0.5 mM and 1.0 mM L-methionine was found. Presently it is not quite clear whether Lmethionine is acting independently of the pyridoxine-glycine system or not. It may be, for a report has been made of methionine induced lysis in both Salmonella typhimurium and Haemophilus influenzae (9) . Presently I have no explanation of this methionine effect.
Figures 4 and 5 show that both L-and D-isomers of alanine are about equally effective in antagonizing the glycine-mediated lysis, with 0.1 mM alanine being adequate for nearly total inhibition of the lysis induced by 10 mM glycine.
Additional experiments showed that D-alanine could be added to 0.5 mM final concentration any time during the first hour of pyridoxine starvation in the presence of glycine and still give the same protection against glycine lysis as seen when both amino acids were present from the start. After the first hour, the addition of DL-alanine appeared to arrest lysis at the point reached.
DISCUSSION FIG. 2. Effect of increasing glycine concentrations
The data presented here show that glycine at upon lysis of strain WG25. (12, 20 cin.e05mMD-AIonin.
Recent work by Lugtenberg, on the other
hand, has supported the second mechanism for +0.05mM. a h ehns lysis by glycine. Glycine was reported to inhibit three enzymes of murein synthesis in E. coli (15) . These three enzymes were: (i) worth of normal growth. Lysis of mutants lacking the racemase was also reported (15) . Therethese mutants fore, since they showed (i) that lack of any one ie presence of of these enzymes will cause cell lysis and (ii) no detectable that glycine inhibits each of these enzymes, it ine. The data seemed that a satisfactory explanation of glyat 0.5 mM are cine lysis could be had by this mechanism g pyridoxine simply by considering its action to be the ycine, making inhibition of these three cell wall enzymes. cine-mediated Against such a simple interpretation of glylycine at a site cine-lysis as that offered by the experiments of Lnine. Finally, Lugtenberg et al., stands firstly the findings of amino acids, Strominger and Birge (20) and of Hishinuma et ar to increase al. (12) which were quoted above and secondly action.
the possibility, in light of recent findings made by these find-by the Neuhaus group with gram-positive organamely, how nisms (14, 19) , that additional potentially glydlls to glycine-cine-sensitive enzymes than those considered w can L-and by Lugtenberg may participate in cell wall eventing lysis synthesis. Presently, then, glycine lysis appears vill be consid-best explained as a result of both enzyme inhibition and also formation of glycyl peptides ;ts describing in place of alanyl peptides. )acterial cells,
The question at hand then from the data e amino acid presented in this work is how does loss of VOL. 116 
